Abstract
The concepts of the ' knowledge economy' and ' knowledge society' have recently received increased attention from New Zealand (NZ) researchers and policy makers (see, e.g., Frederick and Mcllroy, 1999, and MoRST. 2000a) . After expecting a ' Bright Future', the Ministry of Research, Science and Technology is now to 'Ignite the Future' (MoRST, 1999a (MoRST, , 2000b . Some common features of a knowledge society are that knowledge and information have become the major sources of creating value, rapid changes in technology, especially in information tec hnologies OT), greater R&D investments, rising skill requirements, etc. (ibid.). However, it tends to be forgotten that there is a long history of the analysis of changes towards an information or knowledge economy which predates much of the recent hype about the knowledge economy and related (but mostly narrower) concepts, like the ' new ', the ' weightless', the ' digital', the ' Internet ' -economy, etc. Some of the seminal earlier studies for the US are Machlup (1962) , Bell (1973) and Porat and Rubin ( 1977) , who analysed the fundamental shift in the work force away from manual work towards information/knowledge work. Many . OECD studies were also devoted to these changes. The US data on information workers have recently been updated by Martin (1998 Martin ( , 1999 . Earlier NZ studies include Con way ( 1981) and Dordick ( 1987) .
This study focuses on the measurement of NZ's informa· tion work force by gender. In order to highlight the longterm changes, and building on Conway's (1981) earlier estimates, the author has updated the measurement ofNZ's information work force for the period 1976-96 and found that it had increased greatly in size (Engelbrecht, 2000a,b) . The economic reforms since 1984 seem to have led to a dramatic restructuring of the country's information work force. From lagging considerably behind the US in terms of the relative s ize of its information work force. NZ now seems to have caught up with the US in that respect. This somewhat surprising fmding also raises questions concerning the meaning of the term ' knowledge economy ', especially given the patchy productivity growth performance of the NZ economy, the growth of the 'transaction sector ', the seemingly weak National Innovation System etc. It would be simplistic to assume that there is only one kind of knowledge economy, i.e. that of the high productivity, high wage, high-tech variety. However, such questions are beyond the objective of this paper. It is hoped that this study will stimula te further research not only into NZ's information work force, but also into the question which knowledge economy model and policies might be appropriate for NZ.
After discussing the changes in NZ information work force. comments are provided on the relationship between new growth theory and different measures of information and knowledge workers. Next, a large number of directions for further researc h are suggested. Finally, an appendix provides details of the delineation of information workers used in this study.
New Zealand's Information Work Force 1976-96 I broadly follow the OECD ( 198 1) inventory of information occupations, which was also used by Con way ( 1981 ) . Information workers are defined as those working in occupations whose primary purpose is an output of produced, processed or distributed information, or its infrastructure support (i.e. occupations primarily engaged in installing, operating and repairing information machines a nd technologies)(see OECD, 1981, pp. 22-3) . However, because occupation classifications change over time, new information occupations are being created. and the data might not be detailed enough to distinguish some information from non-informat ion occupations, subjective choices and compromises are always involved in the delineation of the information work force. The approach taken here is to modify, where appropriate. the list of information occupations identified by Con way ( 1981) in order to increase comparability of the estimates over the 1976-96 period. The selection of infom1ation occupations and other data issues are discussed in the appendix.
The Growth of the Information Work Force
Before reporting the gender specific estimates, it is useful to provide aggregate data on the growth of information occupations in NZ over time (see Table I ). It should be noted that my estimates are more conservative, i.e. lower, than those of others. It should also be noted that all percentages reported for 1991 are likely to be overstated and misleading. due to the high level of unemployment that year, which seems to have affected information workers less than other workers.
The data in Table I indicate the persistent growth of NZ's Zealand. 1997 Zealand. , 1999 .
information work force. Its relative size now seems very similar to that of the US: Martin (1998) Parrot and Forer ( 1986, p. 29) reported that the information work force actually shrunk in relative terms during the late 1970s, due to the recession at that time. In contrast, the restructuring and recession of the late 1980s/ early 1990s seem to have had the opposite effect.
The Overall Trend by Gender
Many analysts of information employment, e.g. Porat and Rubin (1977) , Conway (1981 ) , Kling (1990) , Castells (1996) and Martin ( 1998 Martin ( , 1999 , do not report data by gender. The data in Table 2 indicate that, in absolute terms, there are fewer full-time female information workers compared to full-time male information workers in NZ. However, females are much more concentrated in information occupations compared to males. Since the mid-1 980s, the majority of females in the work force have been employed in information occupations, whereas even in 1996, the percentage for males was only around 40%.
Because a change in the defmition of part-time employment occurred between 198 1 and 1986, part-t. ime employment data are only reported for the years 1986, 199 1 and 1996. Previously, part-time employment was defined as comprising all persons 15 years of age and over who were normally employed for less than 20 hours a week. This was changed to less than 30 hours a week from the 1986 Census onwards (Department of Statistics, 1988).
As can be seen from Table 3 , part-time employment is dominated by females, both in relative as well as in absolute terms. However, for all years and for both gender, the percentage of information employment is smaller than that in the full-time work force (compare Tables 2 and 3) , and has changed little over the decade 1986-96. The higher unemployment in 1991 seems to have affected non-information part-time employment to a much greater extent than information part-time employment.
It is also noteworthy that the general trend towards parttime employment during 1986-96 was less strong for information workers compared to non-information workers (see Engelbrecht, 2000b) .
Changes by Major Categories of Information Workers
The gender breakdown of the information work force by major occupation groups is reported next (Tables 4 and  5 ). All information workers in major groups A and Bare regarded as high-skilled. Davis et al. ( 1997) recognize these groups as having the highest socio-economic status in NZ society. The data show that high-skilled workers make up a relatively larger proportion of the male, compared to the female, information work force, though the high-skilled proportion has risen for both males and females over time (from 47.4% of the full-time male information work force in l976to 61.5% in 1996, and from 24.4% of the full-time female information work force in 1976 to 41 % in 1996) . This indicates upskilling of the NZ information work force. Clerical occupations are still the largest occupation group for females, but its relative size seems to be shrinking rapidly.
To sum up, while full-time information occupations make up a larger proportion of total full-time employment for females compared to males, male s are still more reforms and the severe recession of the late 1980s/early 1990s, which decimated the manufacturing sector. Nearly 26% of the manufacturing work force was lost during the 1980s (Willis, 1995 ) . Moreover, deregulation of the fmancial sector and other policy changes let to a rise in information-intensive administrative and managerial positions. However, some of the changes may reflect reclassification of occupations due to the adoption of the new, skill-based. 1988lntemational Standard Classification of Occupations (ISCO) (see the appendix).
Changes among major occupation groups are less pronounced for the part-time information work force, (Department ofStatistics,J980. Tables 9.1983 . Table 15 , 1988 , Table 8, Statistics New Zealand. 1997 . Statistics. 1988 , Table 8, Statistics New Zealand,J997, 1999 .
concentrated in high-skilled information jobs. However, this difference has been shrinking over time, indicating relatively faster upskilling of female information workers. Overall, the proportion of high skilled information workers has increased from 13% of the total NZ full-time work force in 1976 to 23.7% in 1996.
Most of the changes among major occupation group shares between 1986 and 1991 will have been due to the economic though the evidence regarding upskilling differs markedly from that for full-time workers. Similar to full-time employment, the high-skilled groups A and B make up the majority of part-time male information employment, in contrast to female part-time employment (see Tables 6 and  7) . However, there seems to have been relative de-skilling of male part-time employment. The proportion of groups A and B has fallen from 63% in 1986 to 54.5% in 1996. In contras t, the proportion of high-ski lled part-time occupations for femal es has increased from 31.2% in 1986 to 3 7.8% in 1996. altho ugh the majority of female parttime information jobs are still in the clerical group and the exte nt of upskilling seems much less than that of full-time female information workers.
The Information Work Force and New Growth Theory NZ's information work force has grown steadily over time, approaching half of the tota l work force, and its compositio n has changed greatly. This phenomenon should not be confused with developments in other, much narrower and partly overlapping, sub-categories of the information work force.
One way of looking at the ' new economy ' part of the knowledge economy is to focus on changes in IT occupations, i.e. changes in the work force of the 'digital economy' (US Department of Commerce, 2000) . So far such workers make up only a small fraction of the work force, though their number is expected to grow strongly. For NZ, it has been reported that in both 1991 and 1996, about 4 % of the working population were employed in IT occupations and/or working for an IT industry company (Ministry of Economic Development, 2000, p. ll ). In terms of occupations, only e ight are identified at the 5-digit level, ranging from unskilled to highly skilled and managerial. Female IT workers tend to be less skilled than males (ibid., pp. 15-17). In 1996, there were 64,770 IT workers in NZ (ibid .. p. ll ).
Another way of looking at the knowledge economy is to focus on research and development (R&D) personnel. Internationally comparable data on R&D personnel in NZ are contained in the official R&D publications. These workers make up a small group. For example, in 1997/98 there were 12,899 full-time equivalent R&D staff, comprising researchers (including engineers), technicians and support staff, up from 10.547 in 1995/6 (MoRST, 1999b, It is not explained how these statistics relate to those given in the official NZ R&D statistics.
Changes in R&D personnel and in the digital work force capture much narrower occupation changes than does the broad measure of the information work force used in this study. Without recourse to economic theory it is not clear which work force variable should be preferred for analysing the knowledge economy. The choice depends on which questions are to be addressed using what model(s).
Advocates ofthe knowledge economy often invoke ' new' or 'endogenous' growth theory in support of their arguments. This branch of growth theory endogenizes the role of knowledge. However, the policy implications of new growth theory are far from clear. This is mainly due to two major problems. Firstly, there are many different types of endogenous growth models. To name but two broad groups, there are ·ideas' models in contrast to human capital models. The former focu s on knowledge or R&D embodied in the use of new capital goods (i.e. non-labour inputs). whereas the latter focus on skills, which either solely accrue to the person, investing in those skills or which can also raise the productivity of other workers. Also, depending on which human capital growth model is chosen, human capital can be approximated by a variable like R&D personnel, or it can cover a much wider group of occupations. Until we know which growth model, or which combination of models, applies in the case of NZ, we don't know which human capital variable(s) to focus on. The second, and related, major problem is that the key concepts associated with the term knowledge economy are 
Future Research
This study has documented the shift towards a high-skilled information work force in NZ during a period of tumultuous economic and social change. In some respects the work force data are encouraging. but their interpretation remains controversial. and there are many gaps in our knowledge that await further research. For example, the current study could be extended and retined in many ways:
• One could try to analyze the information work force by age group and ethnicity. • One could investigate its geography. What is its geographical concentration? Is it changing over time? • One could focus on unemployme nt amongst different types of information workers, as well as betwee n informat ion a nd non -i nformatio n workers.
• The migration of information workers needs to be investigated. For example, in what sense might there be a ' brain drain '? • The ana lys is of gende r d iffe rences in the information work force could be refmed by trying to adjust for the inevitable inaccuracies involved in using occupation data. Kirk wood ( 1999), referring to researc h conduc ted by the NZ Pl ann ing Council , has pointed out that the occupational classification gives little indication of status within each occupation. For example, females may be employed at a lower level within occupations than their male counterparts. In this context, the question arises by how muc h the findin g of fas ter ups ki ll ing of the fem a le information work force might be biased. • Kirk wood (i bid. ) also noted that full-tim e employed females seem to work fewer hours then males in all occupation groups (at the 1-digit level). A refined measurement of the information work force by gender could be based on hours worked . . • A logical next step in the analysis would be to look at changes in the infonnation work force by industry. This would highlight changes in industry structure, for example the extent of employment changes in ' high-tech' industries, and differences in information worker intens ity between industries. This should also contribute to the discussion surrounding the notion of ' deindustrialisation' . A related approach going beyond the standard industry classification would be to estimate a revised version of Porat and Rubin 's 'secondary ' or ' in-house' information sector (see Engelbrecht, 1997b ).
There are other ways of measuring work force changes towards an information or knowledge-based economy than selecting certain occupations as informational:
• One could try and analyze broad skill changes in the economy over time drawing on the detailed skill profile of each occupation. Using the US Dictionary of Occupational Titles (DOT) (US Department of Labor, 1991 ), researchers have been able to analyze the changing importance of different types of skills, for example cognitive, interactive and motor skills, by industry and for the whole economy (see, e.g., Schement and Lievrouw, 1984, Pappas, 1998) . Since late 1998, DOT has been s upe rseded by O * NET (Occupational Information Network) which is more appropriate for today's information-based occupations. The use of the latter needs to be explored in the NZ context. • A related approach is to use longitudinal career history data to define knowledge workers and to trace their flow over time and across sectors. Using British survey data, Tomlinson (1999) used this approach and was able to measure the more intangible aspects of knowledge workers, such as learning and tacit knowledge, and trace their flow through the economy as workers changed employment.
A major area of research usually associated with the growth of the information work force that has not been addressed in this study is skill-biased technological change and the impact of IT. The main reason is lack of NZ data. However, the topic clearly requires further research. We need capital stock estimates, including IT capital stock estimates, at a level detailed enough to use in econometric analysis. Without it, we carmot determine to what extent the work force changes in NZ have been due to technological change, the economic reforms, and other factors. Suffice to say that the international evidence concerning the role of IT is far from clear. For example, it is controversial what the relationships are between computer use, upskilling and higher wages. It is c urre ntly not clear whether the productivity gains associated with the 'new economy' in the US and elsewhere are confmed to ' bigh-tech' IT producing industries, or whether they are spilling over to IT using industries.
Gender differences with respect to technological change also need to be explored. To provide just one example, there is evidence from Australia that computer skills possessed by females are rewarded at a higher rate that equivalent skills possessed by males (Hawke, 1998 2 But see Engelbrecht (2000a,b) , who discusses some of the features and paradoxes associated with NZ's 'economic experiment' and raises questions about policies for a knowledge economy. For a discussion of the diversity of occupational s truc tures of ' informational' societies see, e.g., Cas tells ( 1996, c hapter 4). Hodgson (1999) has discussed the possibility of different knowledge economy utopia.
3 See the discussion in Engelbrecht (2000b) .
4 It should be noted that female earnings grew more rapidly than male earnings between 1984 and 1997, leading to a reduction in the gender earnings gap (see Dixon, 1998, p. 89) . This is consistent with the tinding of faster upskilling of the female information work force.
4 It should be noted that the broad measure of the information work force adopted in this study can be used in furtl\~r economic analysis, especially when available at the indu stry level (s ee the s urvey in Engelbrecht, 1997a) . One example is production function analysis.
6 See Klenow ( 1998) for references.
7 It has been estimated that the proportion of embodied R&D to total R&D is very high in the NZ case (Walker and Liu, 1998) .
8 Another common way of measuring human capital, especially in cross-country growth studies, is to use average years of schooling or a similar education measure as proxy. Suffice to say that the modeling of human capital in growth regressions is controversial (see, e.g., Temple, 2000). Zealand ( 1995, pp. 9-14 ) . In order to increase comparability of the infonnation work force estimates across the census years, the list of information occupations identified by Con way ( I 981) was modified as follow s:
The 1976, 1981 and 1986 data identify 'supervisors, foremen ' as separate categories. However, they can no longer be identified for 1991 and 1996. Instead, they are classified as belonging to the (usually non-information) occupations that they supervise (see Statistics New Zealand, 1995 , p. 13 Messengers: Not included for 1991 and 1996, but included for earlier years.
It should also be noted that Con way ( 1981) included the unemployed in his count of information workers. In this study the unemployed are excluded for all years, i.e. the focu s is on people gainfully employed.
To sum up, the combined effect of the changes to Con way's 
